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One of the most actively explored areas of contemporary astronomy is the formation and evolution of Milky Way-like galaxies and their main structural components. It is now possible to perform accurate chemo-dynamical studies of stellar populations in our Galaxy, thanks to the advent of large-scale surveys such as the Sloan Digital Sky Survey 1 (SDSS) and the Gaia mission 2 . The photometry and medium-resolution spectroscopy from SDSS provides estimates of stellar atmospheric parameters (effective temperature, surface gravity, and metal abundance, often parametrized as [Fe/H]; in astronomy 'metals' are the chemical elements beyond H and He) and radial velocities, while the Gaia satellite delivers accurate positions, trigonometric parallaxes, and proper motions for many millions of stars. The combination of chemical information and kinematics is a powerful tool to explore the structures of our Galaxy, and to derive the properties of the associated stellar populations, defined as samples of stars that exhibit common spatial distributions, kinematics, and chemical composition.
In the case of old stellar populations in the Milky Way (the bulge, thick disk, and halo system), spatial motions and chemical abundances can reveal crucial information on the assembly history of the Galaxy, because these stars conserve the kinematic and chemical properties of the ancient Galactic building blocks and assembly mechanisms 3, 4, 5, 6 .
Previous works have successfully employed kinematics and chemical abundances to analyze the complexity of the Galaxy's halo, and have revealed the presence of (at least) two diffuse stellar components 7 and numerous structures and over-densities 8 . The thick disk (TD) is one of the main structural components of the Milky Way, and has been extensively studied since its discovery 9, 10 .
Stars in the TD possess different kinematics and chemical composition from the younger thindisk stellar population. The metallicity distribution of the TD exhibits a peak at [Fe/H] = -0.7 11, 12, 13, 14 , however, stars with disk-like kinematics (large rotational velocity in the direction of the Galaxy's rotation) have been observed even at lower metallicity, down to [Fe/H] = -1.7 11 , and possibly lower. This low-metallicity tail of the TD is known as the metal-weak thick disk (MWTD) 15 . The properties of the MWTD, such as its velocity components, metallicity range, and stellar orbital parameters have been challenging to derive due to the strong overlap with the TD, the inner stellar halo, and the lack of accurate stellar distances and intrinsic motions.
Previous attempts to model the MWTD as an independent stellar population from the TD 12, 13 have revealed that its mean Galactocentric rotational velocity could be in the range 100 -150 km s -1 , while its metallicity spans values from [Fe/H] = -0.8 to -1.7.
In this article, we explore the nature of the MWTD and present evidence that it is an independent stellar population, using a sample of SDSS stars combined with accurate astrometric parameters provided by the second Gaia data release (DR2 2 ). Details concerning the selection of these stars, and the measurement of their stellar parameters (temperature, surface gravity, and metallicity,
[Fe/H]), as well as measurement of their distances, proper motions, and derived kinematics, can be found in the online Methods section that accompanies this article.
Evidence for a second stellar population in the thick disk The full sample of stars shown in Figure 1a exhibits two groups, with prograde rotation at L Z ~ 1800 kpc km s -1 and L Z ~ 1200 kpc km s -1 , respectively. The group with larger vertical angular momentum, corresponding to a larger Galactocentric rotational velocity, represents the superposition of the thin-disk and TD components 12 . The less prograde group of stars has rotational properties not previously associated with a separate stellar population in the Milky Way -this is the MWTD, which up to now, appeared to be consistent with the low-metallicity tail of the TD, but as we demonstrate here, is a distinct population. although the number of stars at these vertical distances is rather low (the histograms are normalized to 1 to allow a comparison between the two samples). This is also evident in the orbital eccentricity distribution, where most of the stars possess +0.2 < ecc < +0.6 (and ecc < -0.5, corresponding to IH stars). At distances |Z| > 3 kpc, the MWTD-like stellar population is still present, but it is very weak.
A mixture model analysis employing three independent (Gaussian) components applied to the distributions of stars up to |Z| = 3 kpc, provides estimates for the mean vertical angular momentum and dispersion reported in Table 1 The right set column of panels represents the orbital eccentricity distribution for these samples. Note that the eccentricity is 'signed', in order to differentiate stars with retrograde (negative ecc) from those with prograde (positive ecc) orbits. 
Selection of Data
In this work, we adopted a sample of SDSS calibration stars observed during the course of the SEGUE (Sloan Extension for Galactic Understanding and Exploration) 1 sub-survey, carried out as part of SDSS-II from 2005 to 2008. The SEGUE survey obtained ~ 240,000 mediumresolution spectra of stars in the Galaxy, with the aim to study the stellar populations from 0.5 kpc to 100 kpc 2 . SDSS used a 2.5 m telescope located at Apache Point Observatory in New Mexico, and equipped with an imaging camera and two spectrographs, capable of observing 640 spectra in total, over a 7 deg 2 field of view. For each spectroscopic plug-plate, spectroscopy was obtained for a small number of stars (16) Regarding, the systematic error on the parallaxes, the so called parallax zero-point offset 12 , most of the stars have parallax π > 0.2 mas (only four stars have parallax below this value), and our distances should not be affected significantly from such an offset.
Derivation of kinematic and dynamic parameters
The .
Orbital angular momenta are computed by using the procedures described above. 
